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NOTE

It is in the nature of frequently used computer programs that from time
to time they undergo modifications as dictated by the experience of people
who use them. Thus our Differential Orbit Improvement Program, being in use
since the end of 1958, has been changed on several occasions. In the past
we did not give notice of any of these changes, because they affected merely
the internal structure and the capabllities of the program. Some recent
modifications, however, should be pointed out because they alter the defini-
tion of the mean orbital elements.

1. As before, the semimajor axis a of an orbit is being computed from
the mean motion n of the satellite according to the formula

- 2
3 J2aE
a = GM {l -— f{ - e (1 - % sin® I)}
2p

ne

(Y. Kozai, Astron. Journ., vol. 64, pp. 367-377; in his equation (1L) we put
A2 =-% J2a§). In the old program, the mean motion in turn was defined as

the time derivative of the mean anomaly M. Therefore in cases where in addition
to & polynomial part the mean anomaly also had a trigonometric part, the program
produced small but unwanted, long-periodic variations in the semimajor axis. 1In
the new program the mean motion is defined as the time derivative of the mean
anomaly's polynomial part only.

2. The o0ld program provided internally only for those first-order short-
periodic perturbations that are caused by the second zonal harmonic (Jo-term)of
the geopotential. The new program has the optional capability to account for
lunar perturbations with periods of approximately two weeks. Their analytical
expressions are quite complicated and will not be given here. As a rule, we
use this feature of the program only in connection with orbits that are computed
from precisely reduced Baker-Nunn observations. In our future publications of
satellite orbital data we will always mention if lunar perturbations were in-
cluded in the computations.

A detailed write-up of the new Differential Orbit Improvement Program,
‘henceforth called DPI-3, will be given shortly by Mr. Edward M. Gaposchkin.




ORBITAL INFORMATIONl

The orbital elements have been derived by the indicated staff members
of the Satellite Tracking Program, Smithsonian Astrophysical Observatory,
employing the SAO Differential Orbit Improvement Program.(DOI).

As opposed to osculating elements, the elements presented here are mean
elements in the sense that the effects of the short-period perturbations due
to the earth's oblateness have been eliminated.

SAO mean elements have been derived from observations covering several
days and are given in the form of a table. The successive sets of elements
are essentially independent of each other. They are dependent, however, in
the sense that high-order coefficients in the secular and the long-periodic
terms are generally considered as known and as constant for periods of several
weeks or months, as dictated by convenience.

The times of epoch in the mean elements are reckoned in Julian Days, but
for the sake of convenience the number 2400000.5 has been subtracted to provide
an abbreviated notation which we call "Modified Julian Days," or "MJD."

The units of tge orbital elements are degrees for angular quantities,
megameters (Mm = 10° meters) for linear quantities, and revolutions for the
mean anomaly M and its derivatives.

The tabulated values of the SAO mean elements give the values of arguments
of perigee w; right ascension of the ascending node Q; inclination i; eccentri-
city e; and mean anomaly M as functions of time t = T-To(where To is the reference

epoch) expressed in days. The two-digit number placed at the right of each value
represents the standard error for that element and refers to the last digits
given.

The same tabulation also gives the mean (anomalistic) motion n; the orbital
acceleration n'/2 or n'(dn/dt), and the semimajor axis a or the geocentric distance
of perigee q (in megameters). Of the last three columns, the one headed N
indicates the number of cbservations used for the computation of a set of elements;
the one headed D, the number of days used; and the one headed 0, the standard error
of the representation of the observations relative to their assumed accuracy.

SAO smoothed elements have been derived from observations covering about two
weeks. They are given as functions of time and generally include both secular
and periodic terms. The general expression for any element E is

2 .
E=E + Bt + Bt + . . .+ A;sin (By+ Cjt),

-
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vhere t ='rJrO is again expressed in days. The presence of a standard error
associated with a particular coefficient indicates that this quantity vas
determined by the process of differential orbit improvement; the absence of
a standard error means that the quantity was taken from some other source.

In our computer program, the inclination and the argument of perigee
are referred to the true equator of date; the right ascension of the ascending
node, however, is reckoned from the mean equinox of 1950.0 along the corres-
ponding mean equator to the intersection with the moving true equator of date,
and then along the true equator of date. To transform from right ascension of
the node as determined by the DOI to right ascension of the node referred to
the mean equinox of date, one uses

® = o° (DOI) + 39508 x 1077 (MID - 33281) ,
vhere MJD stands for the Modified Julian Day of the date.
The mean (anomalistic) motion n can be obtained from the smoothed elements

by differentiating the expression for M, and the orbital acceleration n' can
be obtained by twice differentiating the same expression for M.

-Da
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2 November - 30 December 1962

Satellite 1959 Alpha 1
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1 July - 30 August 1962
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2 November - 30 December 1962

Satellite 1959 Eta

elLe
8Z2°¢
YEE
98°2
06°¢
89°»
62°Y
1s°*%
99°%
92°%
8E° Y
16°1
€6°1
ly*e
s0°¢
92°2
86°2
€s*Yy
86°2
| ¥ R4
10°¢
18°¢
€7°¢
9L°Z
2s°¢t
68°¢
2s°¢
12°y
LL°¢
1%y

0 M O @ O ® W ® W WD ® L WO XV W O DV OO DO DD DO D D®

=]

Ly
(-3
Ly
os
€S
16
€S
by
¢
8¢z
[4 4
124
t24
€2
(24
81
€1
21
al
Le
1€
6t
9¢
1€
113
A 13
9y
0s
€s
09

112€68°9
Y51268%9
082268°9
v2L168°9
€0€168°9
608068°9
€60068°9
992688°9
995688°9
196688*9
£61688°9
€59188°9
8lELBB"9
100.88°9
8LL968°9
9€1.988°9
2€L988°9
L2¢688°9
08L188°9
681888°9
$51888°9
9L€688°9
€10068°9
L€9068°9
192168°9
698168°9
€06268°9
686268°9
GEYELR°9
LELEGB 9

zt 9-319°
1 ¢-311*
1 ¢-381°
8 s-3s1Z°
1 s-341°
81 L-38*
s-321°
S~342°
$-39€°
s-39%°
5-30%°
s-312°
s-382°
g-3ze*
s-391°
s-311°
G-3€T°
§~-361°
s-3¢¢°
9~-356"°
9-30L°
§-322°
5-38¢°
§-324°
s-3LE°
§-32¢°
6-38¢€°
§-3%t°
s~30¢€°
s-382°

]

o el el et et el pd ek ed O mdl N M o N~ NM N NM

2/.u

694880°11
184880°11
4848680°11
284880°11
06%880°11
964880°11
4649880° 1Y
184880°11
I L%880°11
8E¥880°11
9c¥880° 11
8Z¥880°11
9€¥880°11
82%880°11
904880° 11
g8€880° 11
2 6£880°11
Z L€880°11
88€880° 11
88€880°11
€8€8080°11
LL€880° 11
¢9€880°171
6€€9880°11
L1€880°11
21€9880°11
90€880°11
00€880°11
$826880°11
€42880°11

NN O N N -

m @aq M N O ® O

N N M NM NN N NN

u

S919L2°
1L92L60"°
0%€026°
YOYEHL"®
6EH¥995°
TLy68¢”
TLy212*
Z895€0°
€ 8¥868°
€ LYy189°
Z 09%0s°
L 10L12¢°
b BLLOST®
S 6S8€L6°
9 0L696L°
8 €Z2r1029°
2 LZEYwYy®
s 82992°
1 25680°
s0LZ16°
o68s€L"
L606685°
cgegeve”
919s02°
9%6820°
L12€2498°
LELSLY”
16166%"
Ly922¢°
Y191

L-I AN A A TR

W N O~ M~ o

W

04881 "°
659881°
»16881°
€15881°
6299881°
Le9881°
142881°
1 18881°
8 €8881°
6 6L881°
6 68881°
Z90681°
460681°
8€1681°
991681°*
121681°
Z L1681
1 6801°
6%0681°
000681
%€6881°
198081°
181881°
STL981°
2%9881°
125881°
169881
0%%881"
88€081"
€6€991°

L L B S T« AN I L B U )

BN M NN NN NN - W

€29€°€¢
8295 €€
619€°€EE
9T9€ €€
€09¢°¢€
S6SE*EE
£8SE°EE
1 26€°€€
7 sSE°€€
€ €SE°€C
€ 29E°€E
7 zse°€€
L 2GSE°€EE
9 SESEEE
L 99SE°EE
9 1ESE"EE
1 €SE°€E€
Z €SE°CE
ZysE"EE
LYSEEE
29GE°EE
69G€°€€
8LSE°EE
06G€°€EE
%6SE"EE
Z09€°€E
109€°€€
£09E° €€
L09€E €€
L09€°€€

O N MmN N Nm

LS B T T T B TR T L T L T

1 618°8s2
1 0S¥°$92
2 2eo*eLe
6 6965°8L2
691°482
Lyl*162
12€°862
€68°90¢
994°11¢
0%0°81¢
$19°92¢
161°1ce
S Y69L°LEE
LA L 24 447
9 1616°0SE
6 8Z6Y°LSGE
¥ 690°Y
¥ 1%9°01
2 eezLl
T L6L°€2
6 OTLEOE
1 L%6°9¢
1 22s°€*
6 2960°0S
1 899°9¢
2 LEZ°€9
1 L08°69
1 28€°9L
8 6£56°28
6 6826°68

- T MM NN -

1§

099°0¢€2
198°02¢
890°112
1ezet1o2
6Ly 161
6L9°181
68°1L1
111291
L2eczst
6%5°2%1
961 2¢E1
€66°221
gze ell
69%°€01
80L°€6
LE6°€B
L91°yL
Yy 6%°%9
169°%%
8.8°%Y
801°6¢E
0€€"SZ
Lys°S1
09L°S
0L6°SSE
YL1*9%€
LLE*9EE
1L6°92¢
SLL S1E
2L6°90¢

M NN N MO~ MmN N M N

NN N MM N NM N MmN

0°8208¢t
0°9208¢
0°4208¢
0°2208¢
0°0208¢€
0°8108¢
0°9108¢
0°%108¢
0*zZl08¢
0°0108¢
0°8008€
0°9008¢
0°%008¢
0°2008¢
0°0008¢€
0°866L¢
0°966LE
0°v66LE
0°266LE
0°066LE
0°886LE
0°986LE
0 Y86L¢E
0°286LE
0*086lE
0°8LéelLE
0°9L641€
0o*¥Ll6lE
0°2L6LE
0°0L6LE
(am)
L

_8-




1 July - 30 August 1962

Satellite 1960 Iota 2
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2 September - 31 October 1962

Satellite 1960 Iota 2
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19 July - 18 August 1962

Satellite 1961 Omicron 1
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1 September - 31 October 1962

Satellite 1961 Omicron 1
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2 November - 30 December 1962

Satellite 1961 Omicron 1

L9°9
46°9
€SS
69°¢
20°¢
40°¢
1L°e
66°1
96" €
85"y
119
1€°9
80°L
00°8
6%°9
16°9
00°8
a1°4
gE°Yy
2s°9
26°%
¢%°9
s1°L
%12
81°2
oL°9
Zr°9
Hy 9
249
9L°9

91
91
91
91
91
91
91
91
91
91
91
91
91
21
91
91
91
91
91
91
91
91
91

91

91
91
91
91
91
91

1%
6%
9%
:1
2y
0y
14
e
62
1¢
113
9¢
4
8¢
2y
9
Yy
()
[113
ra4
Ly
9%
by
8y
6%
19
€L
st
8L
113

2rLiveL
20L192*L
2zL9eL
118192°L
s08192°L
908192°L
Lo8192°L
y89192°L
LLz292°L
€26192°1L
L18192°L
ozL192°L
2S€ET92°L
9y1092°L
690192°L
816092°L
1e9ecL
€EET9ZL
Ziy192°d
29¢e192° L
yyZ192°L
octI92 L
18019¢°1L
Le0192°L
€%¥0192°1L
9%0192°L
880192°¢L
L60192°L
9€T192°L
9€1192°L

b

N MmN NN NN N O N O~ O MmN NN~ O~

O M O I N~~~

- -t N et NN

Z692018°€1
¥692028°€1
6L92028°€1
SE¥20L8°€T
1992048°€1
0S920L8°€1
0s920i8°€1
Y99¥20L8°€1
60%2018°€1
9€2018°€1
SE2018°€1
¥€2018°€1
7€2018°€1
822028°€1
0€2028°€1
822018°€1
€22018°€1
€22028°€1

9 Loz2zole el

LAl AN AR O - IR - IR R ]

1972048°¢1
L2rzoLetel
sotzZoLs el
%6020.8°€1
8L02018°¢€1
6902018°¢€1
90020L18°¢1
28610L9°¢€1
69610L8°¢1
29610L8°€1
19610L8°€1

0 O N~ OO

o~~~ O~ ®

M ot e o o NN NN DS~

800L9°
1€626°

g6881° "

ELLYY®
1120L°
€9996°
66622°
y1689°
LeYL®
6%00°
2v9z°
9€es°
Lz8L-
0140°
600¢€"°
€09s°
8618°
2640°
[4:13 A
186%°
LL88°
L.
89L€e"
€9¢9°
808668 °
LEGST®
06%14°
Lyvi9°
20%€6°
€9t61°

W

$0LL00°
904200°
%0LL00°
¢69L00°
269L00°
269L00°
269L00"
60LL00°
L €9L00°
6 89L00°
8 89100°
6 0LL00°

~ 00 O N O @ O~

1 8200°

¢6100°
6LL00°
18L00°
LLL00°
9LL00°
S LyL100°
¥6LL00°
14L4200°
98LL00°
€6L100°
66L1L00°
86LL00°
86LL00"
€6LL00°
26L100"
98LL00°
98.L00°

- N N @®

BN ¢ NN NN TN

M & M O O & N O

*c ® O N N DO O 0 OV O @

LA B . SR N AR B R N B g

LET18°99
8E€18°99
2€18°99
6€18°99
1918°99
E¥18°99
LET8"99
Y£18°99
018°99
908°99
Z18°99
118°99
018*99
108°99
808°99
$08°99
L08°*99
118°99
o18°99
9%18°99
S¥18°99
¥516°99
$518°99
LS18°99
¥618°99
6518°99
2918°99
€518°99
8518°99
8518°99

9016°502
9028°012
80L9°512
8025°022
LOLE"S22
»022°0€2
€690°S€2
¥816°6€2
991942
019°642
994°452
ST1€°662
£91°992
110°692
298°€12
01L°8L2
£96°€82
914882
9 12192°€62
9811°862
1896°20€
€618°L0€
¥699°2Z1€
Y616°L1E
Y69€°22¢
9612°22¢€
6690°2¢€

4 T M NN NN

N M Mm M F iHh N N e

SOLL TvE
0129°9%¢

O &+ O M O Mm®mE TN

U

s026°9¢t

N M &N N N M m M

M M M N M M @ & ¢ N0~ @

N MMM ™m

6E°€LZ
88°yL2Z
1124 7%4
98*LL2
62°6lL2
L9°082
21%28e
€9°¢€8¢
9°482
1982
9°L82
1°682
9°062
y*262
69°€62
{1°662
€5°962
Y6°L62
08662
64°00¢€
91*20¢
Ls°€0t
L6°%0¢
LE*90E
LLeLoe
61°60€
09°01¢
66°11¢
oycelc
8L°y1E

0°82Z08¢€
0°9208¢
0°%208¢
0°2208¢
0°0208¢
0°8108¢
0°9108¢
0°%108¢
0°2108¢€
0°0108¢
0°8008¢
0°9008¢
0*%008¢
0*2008¢
0°0008¢
0°866LE
0°966L¢
0°%66L¢€
0°Z66LE
0°066L¢€
0°886L¢€
0°986l€
0°986L¢€
0*ZB6LE
0°086L¢€
0°8Ll6LE
0°9L6lE
0°%L6lE
0°2Zl6LE
0°0L6LE

(arw)
I

-17-




19 July - 31 October 1962

Satellite 1961 Omicron 2
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2 November - 30 December 1962

Satellite 1961 Omicron 2
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Satellite 1961 Alpha Delta 1

SAO Smoothed Elements

The following elements are based on 551 observations and are valid for
the period March 9 through March 31, 1962.

]

To 37744.0 MID

w = (242%51 £ 8) - (99821 + 8)t + 397069 cos w

Q = (327993045 + 9) + (921054 + 1)t - 0001 cos w

i = (9598644 + 1) + 20001 sin w

e = (.012098 + 3) + .0007820 sin w

M = (.60871L + 2) + (8.676678 + 2)t + (.36 = 6) X 10-T¢?

+ (169 + 9) x 10°Tt3 - ,0100850 cos w

Standard error of one observation: o = = 12”.

The following elements are based on 408 observations and are valid for
the period April 1 through April 30, 1962.

To 37770.0 MJD

w = (216985 + 2) - (9981 £ 1)t + 397069 cos w

Q = (333°4008 + 1) + (9210214 1)t - Q0001 cos w

i = (9598582 + 2) + 0001 sin w

e = (.012104 + 3) + .0007820 sin w

M = (.20250 £ 5) + (8.676673 £ L)t - (.16 £ 1) X 10" 142

+ (.54 £ 42) x 107743 - .0100850 cos w

Standard error of one observation: o = * 13” .
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The following elements are based on 420 observations and are valid for
the period May 1 through May 31, 1962.

R

w

37800.0 MJD

(1879599 % 7) - (29715 = T)t + 307069 cos w

Q = (33070376 £9) + (9209972 + 8)t - 20001 cos ®

1 = (9598526 + 2) + %0001 sin w

e = (.012120 + 1) + .0007820 sin w

M = (.5020h + 2) + (B.6T664T + 2)t - (.39 £ 3) X 10712
'81;3 _

+ (.36 £ 3) X 10 .0100850 cos w

Standard error of one observation: o = % 12%.

The following elements are based on 248 observations and are valid for
the period June 1 through June 30, 1962.

TO = 37831.0 MJD
o = (1579438 £ 6) - (99703 + 6)t + 397065 cos w

Q = (34692107 + 1) + (920986 + 1)t - 20001 cos w
i = (9598&93 @ 2) + 90001 sin w

= (.012132 + 2) + .0007820 sin w

[1:]

M = (47841 % 2) + (B.676643 + 2)t - (.22 £ 4) x 1071+

+ (.2h £5) x 109%3 - 0100850 cos ®

Standard error of one observation: o = & 10" .

The following elements are based on 577 observations and are valid for
the period July 1 through July 31, 1962.

To

w

1

37860.0 MJD

(1299220 @ 8) - (99769 % 6)t + 397069 cos w

Q = (352929756 + 6) + (92209994 + T)t - 20001 cos w

i = (9598535 £ 1) + 20001 sin w

e = (.012112 £ 3) + .0007820 sin ®

M = (.10126 + 2) + (B.676661 + 2)t + (.21 £ 2) X 107 1t°
+ (.62 £ 27) x 10~9t3 - .0100850 cos w

Standard error of one observation: o = + 10”.
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The following elements are based on 432 observations and are valid for
the period August 1 through August 31, 1962.

To

w

37892.0 MJD

(979917 £ 6) - (99839 + 6)t + 397069 cos w

n

0 = (35990217 + 1) + (921020 + 1)t - Q0001 cos W

i = (9598599 = 2) + Q0001 sin w

e = (.012092 £ 5) + .0007820 sin w

M = (75451 + 2) + (B.676680 + 2)t - (.32 % 30) x 1070t2

- (.24 £ 4) x 10843 - .0100850 cos w

Standard error of one observation: o = + 12°,

The following elements are based on 218 observations and are valid for
the period September 1 through September 30, 1962.

T, = 31923.0 MID

w = (67945 £ 1) - (99805 £ 9)t + 397069 cos w

0 = (595hk1 + 2) + (921046 + 2)t - 0001 cos w

i = (9598648 + 1) + 20001 sin w

e = (.012070 £ 5) + .0007820 sin w

M = (.73145 + L) + (8.676669 + 2)t - (.41 £ 4) x 10712

- (.11 £ 6) x 10783 - .0100850 cos w

Standard error of one observation: o = + 11°.

The following elements are based on 116 observations and are valid for
the period October 1 through October 31, 1962.

To = 37952.0 MID

w = (39920 £ 2) - (9978 £ 1)t + 397069 cos w

0 = (1196483 £+ 3) + (21048 + 2)t - 20001 cos w

= (9598654 + 3) + %0001 sin w

(59

e = (.012089 £ 5) + .0007820 sin w

M o= (.35432 £ 5) + (8.676662 + b)t - (.U £ 68) x 1070

42
- (.20 £ 7) % 10783 - .0100850 cos w

Standard error of one observation: ¢ = + 10”.

P2




The following elements are based on 177 observations and are valid for
the period November 1 through November 30, 1962.

3} = 3798k,0 MID

w = (7978 £ 3) - (9978 = 3)t + 397069 cos w

Q = (1893819 + 2) + (921019 + 2)t - 20001 cos ®

i = (9598596 + 2) + 20001 sin w

e = (.012062 + 2) + .0007820 sin w

M = (.007TT9 + T) + (8.676663 £+ 9)t + (.21 + 6) x 10”12

- (.30 £ 6) x 107843 - .0100850 cos w

Standard error of one observation: o = %+ 11”.

The following elements are based on 390 observations and are valid for
the period December 1 through December 31, 1962.

T, = 38014.0 MJD

w = (338939 £ 2) - (9972 £ 2)t + 397069 cos w

0 = (2496851 1 1) + (921007 £ 1)t - 20001 cos w

i = (9598545 £+ 2) + 20001 sin w

e = (.01207k % 2) + .0007820 sin w

M = (.30781 + 6) + (8.676646 + 5)t + (.59 £ 3) X 10”17

- (.81 + 29) x 10793 - .0100850 cos w

Standard error of one observation: ¢ = + 12°.
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13 March - 30 April 1962

Satellite 1961 Alpha Delta 1
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2 May - 29 June 1962

Satellite 1961 Alpha Delta 1
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1 September - 31 October 1962
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17 July - 29 August 1962
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Satellite 1962 Alpha Epsilon 1

1 September = 31 October 1962
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2 November - 30 December 1962

Satellite 1962 Alpba Epsilon 1
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NOTICE

This series of Special Re wag institubted under the supervision
of Dr. F. L. Whipple, ctor of the Astrophysical Observatory of the
Smithsonian Institution, shortly after the launching of the first artificial
earth satellite on October 4, 1957. Contributions come from the Staff of
the Observatory. First issued to ensure the immediate disseminmation of
data for satellite trxuckisg, the Reports have continued to provide a yapid
distridution of catalogues of satellite observations, orbital information,
and preliminary results of 4ata apmlyses prior to formal publication in
the appropriate jourmals.

Edited and produced under the supervision of Mr. E. N. Hayes and
Mrs. Barbare J. Mello, the reports are indexed by the Science and Technology
Division of the Library of Congress, and are regularly distributed to all
institutions participating in the U. 8. space research progrem and to
individual scientists who request them from the Administrative Officer,
Technical Information, Smithsonian Astrophysical Observatory, Cambridge,
Massachusetts 02138. -



